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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

1 . (Previously presented) A method of leaming a user query concept for searching 
visual images encoded in computer readable storage media comprising: 

providing a multiplicity of respective sample images encoded in a computer readable 

medium; 

providing a multiplicity of respective sample expressions encoded in computer 
readable medium that respectively correspond to respective sample images and in which respective 
terms of such respective sample expressions represent respective features of corresponding sample 
images; 

defining a user query concept sample space bounded by a k-CNF expression which 
models a query concept and by a k-DNF expression; 

refining the user query concept sample space by, 

selecting multiple respective sample images firom within the user query concept 
sample space by selecting respective sample expressions that correspond to such images, wherein 
respective sample expressions are selected by optimizing a tradeoff between a respective 
expression's having sufficient similarity to the k-CNF expression that a user is likely to indicate that 
its corresponding sample image is close to the user's query concept and such respective expression's 
having sufficient dissimilarity fi-om the k-CNF expression that an indication by the user that its 
corresponding sample image is close to the user's query concept is likely to provide maximum 
information as to which disjimctive terms of the k-CNF expression do not match the user's query 
concept; 

presenting the multiple selected sample images to the user; 
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soliciting user feedback as to which of the multiple presented sample images are 
close to the user's query concept; 

wherein refining the user query concept sample space further includes, refining the k- 
CNF expression by, 

identifying respective differences between one or more respective terms of respective 
sample expressions, corresponding to respective sample images indicated by a user as close to the 
user's query concept, and corresponding respective disjunctive terms of the k-CNF expression; 

determining which, if any, respective disjunctive terms of the k-CNF expression to 
remove firom the k-CNF expression based upon the identified differences; 

removing fi-om the k-CNF expression respective disjunctive terms determined to be 

removed; 



DNF expression by, 

identifying respective differences between one or more respective terms of respective 
sample expressions, corresponding to respective sample images indicated by a user as not close to 
the user's query concept, and corresponding respective conjunctive terms of the k-DNF expression; 

determining which, if any, respective conjunctive terms of the k-DNF to remove firom 
the k-DNF expression based upon the identified differences; and 

removing from the k-DNF expression respective conjunctive terms determined to be 

removed. 



wherein refining the user query concept sample space further includes, refining the k- 



2. (Original) The method of claim 1 further including: 



removing respective sample images presented to the user from eligibility for 
presentation to that same user. 
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3. (Original) The method of claim 1 further including: 

repeating the steps involved in refining the user query concept sample space. 

4. (Previously presented) The method of claim 1 further including: 

repeating the steps involved in refining the user query concept sample space until the 
k-DNF expression becomes identical to or more specific than the k-CNF expression. 

5. (Original) The method of claim 1 further including: 

repeating the steps involved in refining the user query concept sample space until the 
user ends search. 

6. (Previously presented) The method of claim 1 further including: 

dividing the k-CNF into multiple sub-group k-CNF expressions by separating 
respective disjunctive terms that can express each other's feature information into different sub- 
group k-CNF expressions such that such separation of disjunctive terms does not result in loss of 
combinations of feature information due to such dividing; 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF expression 
involves identifying respective differences between respective terms of one or more sample 
expressions, corresponding to respective sample images indicated by a user as close to the user's 
query concept, and corresponding respective disjunctive terms of respective sub-group k-CNF 
expressions; and 

wherein removing fi-om the k-CNF expression respective disjunctive terms involves 
removing fi-om respective sub-group k-CNF expressions respective disjunctive terms based on 
respective identified differences. 
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7. (Previously presented) The method of claim 1 further including: 

dividing the k-CNF into multiple sub-group k-CNF expressions by separating respective 
disjimctive terms that can express each other's feature information into different sub-group k-CNF 
expressions such that such separation of disjunctive terms does not result in loss of combinations of 
feature information due to such dividing; 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF expression 
involves identifying respective differences between respective terms of one or more sample 
expressions, corresponding to respective sample images indicated by a user as close to the user's 
query concept, and corresponding respective disjunctive terms of respective sub-group k-CNF 
expressions; and 

wherein removing from the k-CNF expression respective disjunctive terms involves 
removing from respective sub-group k-CNF expressions respective disjunctive terms based on 
respective identified differences; 

dividing the k-DNF expression into multiple sub-group k-DNF expressions by separating 
respective conjunctive terms that can express each other's feature information into different sub- 
group k-DNF expressions such that such separation of conjunctive terms does not result in loss of 
combinations of feature information due to such dividing; 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective conjunctive terms of the k-DNF expression 
involves identifying respective differences between respective terms of one or more sample 
expressions, corresponding to respective sample images indicated by a user as not close to the user's 
query concept, and corresponding respective conjunctive terms of respective sub-group k-DNF 
expressions; and 
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wherein removing from the k-DNF expression respective conjunctive terms involves 
removing from respective sub-group k-DNF expressions respective conjunctive terms based on 
respective identified differences. 

8. (Previously presented) The method of claim 1 , 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF expression 
includes, 

testing respective sample expression terms for respective levels of difference from . 
corresponding respective disjunctive terms of the k-CNF expression in a prescribed order such that, 
for a respective given feature, a respective term representing higher resolution of such given 
respective feature is tested before a respective term representing a lower resolution of such given 
respective feature; and 

not testing such respective term representing the lower resolution of such given 
respective feature if the testing of the respective term representing the higher resolution of such 
given respective feature indicates that there is a level of difference larger than a prescribed level 
between such respective expression term representing the higher resolution and the respective 
corresponding disjunctive term of the k-CNF expression representing the higher resolution of such 
given respective feature. 

9. (Previously presented) The method of claim 1, 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF expression 
includes, 

testing respective sample expression terms for respective levels of difference from 
corresponding respective disjunctive terms of the k-CNF expression in a prescribed order such that, 
for a respective given feature, a respective term representing higher resolution of such given 
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respective feature is tested before a respective term representing a lower resolution of such given 
respective feature; and 

not testing such respective term representing the lower resolution of such given 
respective feature if the testing of the respective term representing the higher resolution of such 
given respective feature indicates that there is a level of difference that is larger than a prescribed 
level between such respective expression term representing the higher resolution and the respective 
corresponding disjunctive term of the k-CNF expression representing the higher resolution of such 
given respective feature; and 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective conjimctive terms of the k-DNF expression 
includes, 

testing respective sample expression terms for respective levels of difference from 
corresponding respective conjunctive terms of the k-DNF expression in a prescribed order such that, 
for a respective given feature, a respective term representing higher resolution of such given 
respective feature is tested before a respective term representing a lower resolution of such given 
respective feature; and 

not testing such respective term representing the lower resolution of such given 
respective feature if the testing of the respective term representing the higher resolution of such 
given respective feature indicates that there is a level of difference that is smaller than a prescribed 
level between such respective expression term representing the higher resolution and the respective 
corresponding conjunctive term of the k-DNF expression representing the higher resolution of such 
given respective feature. 

1 0. (Previously presented) The method of claim 1 , 

wherein identif3dng respective differences between respective terms of one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF includes, 
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measuring respective differences between respective values of respective disjunctive 
terms of the k-CNF expression and respective values of corresponding respective terms of sample 
expressions for respective sample images indicated by a user as close to the user's query concept; 
and 

removing from the k-CNF respective disjunctive terms for which there are more than 
a prescribed threshold number of sample expressions for which corresponding respective measured 
value differences are greater than a prescribed threshold value difference; 

1 1 . (Previously presented) The method of claim 1 , 

wherein identifying respective differences between terms predicates of one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF includes, 

measuring respective differences between respective values of respective disjunctive 
terms of the k-CNF expression and respective values of corresponding respective terms of sample 
expressions for respective sample images indicated by a user as close to the user's query concept; 
and 

removing from the k-CNF respective disjunctive terms for which there are more than 
a prescribed threshold number of sample expressions for which corresponding respective measured 
value differences are greater than a prescribed threshold value difference; and 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective conjunctive terms of the k-DNF includes, 

measuring respective differences between respective values of respective conjunctive 
terms of the k-DNF expression and respective values of corresponding respective terms of sample 
expressions for respective sample images indicated by a user as not close to the user's query 
concept; and 
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removing from the k-DNF respective conjunctive terms for which there are more 



than a prescribed threshold number of sample expressions for which corresponding respective 
measured value differences are less than a prescribed threshold value difference; 

12. (Canceled) 

13. (Canceled) 

14. (Previously presented) The method of claim 1, 

wherein selecting multiple sample unages from the user query concept sample space 

includes, 

selecting respective sample images that correspond to respective sample expressions 
for which \\f terms in respective corresponding sample expressions contradict the k-CNF expression; 



expression will be removed from the k-CNF expression in the step of removing from the k-CNF 
expression respective disjxmctive terms. 



wherein selecting multiple sample images from the user query concept sample space 

includes, 

selecting respective sample images that correspond to respective sample expressions 
that have a prescribed number of respective terms that contradict corresponding respective terms of 
the k-CNF expression; 



wherein, 



\|/=l/lw(l/l-p), and 



wherein p represents a probability that a given disjunctive term of the k-CNF 



1 5 . (Previously presented) The method of claim 1 , 
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wherein the prescribed number is determined empirically by balancing a need for a 



prescribed number that is small enough that the selected sample images are likely to be indicated by 
the user as being close to the user's query concept with a need for a prescribed number that is large 
enough that the there is likely to be at least one set of multiple respective sample images that 
correspond to a set of multiple respective sample expressions that contradict the k-CNF expression 
in the same term. 



selecting an initial set of sample images by choosing at least one sample image from 
each of multiple pre-clustered sets of sample images. 



wherein selecting multiple sample images from within the user query concept sample 
space includes, 

respectively selecting images that correspond to respective sample expressions that 
have a prescribed number of respective terms that contradict corresponding respective terms of the 
k-CNF expression; 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF expression 
includes, 

determining which respective terms of the k-CNF expression contradict 
corresponding respective terms of more than a prescribed number of sample expressions; and 



16. (Original) The method of claim 1, 



wherein defining the user query concept sample space includes, 



17. (Previously presented) The method of claim 1, 



wherein removing from the k-CNF expression respective disjunctive terms includes, 
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removing from the k-CNF expression respective disjunctive terms that contradict 
corresponding respective terms of more than the prescribed number of sample expressions indicated 
by a user as close to the user's query concept. 



wherein selecting multiple sample images from within the user query concept sample 
space includes, 

respectively selecting images that correspond to respective sample expressions that 
have a prescribed number of respective terms that contradict corresponding respective terms of the 
k-CNF expression; 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF expression 
includes, 

determining which respective terms of the k-CNF expression contradict 
corresponding respective terms of more than a prescribed number of sample expressions indicated 
by a user as close to the user's query concept; and 



removing from the k-CNF expression respective disjunctive terms that contradict 
corresponding respective terms of more than the prescribed number of sample expressions indicated 
by the user as close to the user's query concept; and 

wherein identifying respective differences between respective terms of one or more 
sample expressions and corresponding respective conjunctive predicates of the k-DNF expression 
includes. 



18. (Previously presented) The method of claim 1, 



wherein removing from the k-CNF expression respective disjunctive terms includes. 
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determining which respective terms of the k-DNF expression do not contradict 
corresponding respective terms of more than a prescribed number of sample expressions indicated 
by the user as not close to the user's query concept; and 



removing from the k-DNF expression respective conjunctive terms that do not 
contradict corresponding respective terms of more than the prescribed number of sample 
expressions indicated by a user as not close to the user's query concept. 

19. (Previously presented) A method of learning user query concept for searching visual 
images encoded in computer readable storage media comprising: 

providing a multiplicity of respective sample images encoded in a computer readable 

medium; 



readable medium that respectively correspond to respective sample images and in which respective 
terms of such respective sample expressions represent respective features of corresponding sample 
images; 



sample images with at least one sample image from each of multiple pre-clustered sets of sample 
images as an initial user query concept sample space and by defining a k-CNF expression and a k- 
DNF expression which, together, encompass an initial set of sample expressions that correspond 
respectively to the sample images of the initial set of sample images; wherein the k-CNF expression 
designates a more specific concept within the user query concept sample space; and wherein the k- 
DNF expression designates a more general concept within the user query concept sample space; 



wherein removing from the k-DNF expression respective conjunctive terms includes. 



providing a multiplicity of respective sample expressions encoded in computer 



defining a user query concept sample space by initially designating an initial set of 



refining the user query concept sample space by. 
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selecting multiple sample images from within the user query concept sample space 
that correspond to respective sample expressions that have a prescribed number of respective terms 
that contradict corresponding respective terms of the k-CNF expression; 

presenting the multiple selected sample images to the user; 

soliciting user feedback as to which of the multiple presented sample images are 
close to the user's query concept; 

wherein refining the user query concept sample space further includes, refining the k- 
CNF expression by, 

identifying respective terms of respective sample expressions that contradict 
corresponding respective disjunctive terms of the k-CNF expression for those respective sample 
expressions corresponding to respective sample images indicated by the user as close to the user's 
query concept; 

determining which, if any, respective disjunctive terms of the k-CNF expression 
identified as contradicting corresponding respective terms of sample expressions indicated by the 
user as close to the user's query concept, contradict corresponding respective terms of more than a 
prescribed number of such sample expressions; 

removing from the k-CNF expression respective disjunctive terms that contradict 
corresponding respective terms of more than the prescribed number of sample expressions; 

wherein refining the user query concept sample space fiirther includes, refining the k- 
DNF expression by, 

identifying respective terms of respective sample expressions that do not contradict 
corresponding respective conjunctive terms of the k-DNF expression for those respective sample 
expressions corresponding to respective sample images indicated by the user as not close to the 
user's query concept; 
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determining which, if any, respective conjunctive terms of the k-DNF expression 
identified as not contradicting corresponding respective terms of sample expressions indicated by 
the user as not close to the user's query concept, do not contradict corresponding respective terms of 
more than a prescribed number of such sample expressions; 

removing from the k-DNF expression respective conjunctive terms that do not 
contradict corresponding respective predicates of more than the prescribed number of sample 
expressions; and 

repeating the steps involved in refining the user query concept sample space. 

20. (Canceled) 

21 . (Previously presented) The method of claim 19 wherein repeating the steps 
involved in refining the user query concept sample space involves repeating until the user ends the 
search. 

22. (Previously presented) The method of claim 19 fiirther including 

repeating the steps involved in refining the user query concept sample space imtil the 
k-DNF expression becomes identical to or more specific than the k-CNF expression. 

23. (Previously presented) The method of claim 1, 

wherein identifying respective differences between respective terms of each one or more 
sample expressions and corresponding respective disjunctive terms of the k-CNF expression 
involves, measuring respective levels of difference between respective terms of one or more sample 
expressions, corresponding to respective sample images indicated by a user as close to the user's 
query concept, and corresponding respective disjunctive terms of the k-CNF expression; 

wherein determining which, if any, respective disjunctive terms to remove from the k- 
CNF expression involves identifying which, if any, k-CNF disjunctive terms have measured levels 
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of difference from corresponding expression terms of one or more images, that meet a prescribed 
threshold for disjunctive term removal; 

wherein removing from the k-CNF expression respective disjunctive terms determined to 
be removed involves removing respective disjunctive terms with measured levels of difference that 
meet the prescribed threshold for disjunctive term removal; 

wherein identifying respective differences between respective terms of each one or more 
sample expressions and corresponding respective conjunctive terms of the k-DNF expression 
involves, measuring respective levels of difference between respective terms of one or more sample 
expressions, corresponding to respective sample images indicated by a user as not close to the user's 
query concept, and corresponding respective conjunctive terms of the k-DNF expression; 

wherein determining which, if any, respective conjunctive terms to remove from the k- 
DNF expression involves identifying which, if any, k-DNF conjxmctive terms have measured levels 
of difference from corresponding expression terms of one or more images, that meet a prescribed 
threshold for removal of conjunctive terms; and 

wherein removing from the k-DNF expression respective conjunctive terms determined 
to be removed involves removing respective conjunctive terms with measured levels of difference 
that meet the prescribed threshold for conjxmctive term removal. 

24. (Previously presented) The method of claim 1, 

wherein determining which, if any, disjunctive terms of the k-CNF expression to remove 
from the k-CNF .expression based upon the identified differences involves, 

determining which, if any, k-CNF disjimctive terms and corresponding terms of one or 
more images differ by at least a prescribed amount; and 

wherein determining which, if any, respective conjunctive terms of the k-DNF 
expression to remove from the k-DNF expression based upon the identified differences involves. 
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determining which, if any, k-DNF conjunctive terms and corresponding terms of one or 
more images differ by no more than a prescribed amount. 



25. (Previously presented) The method of claim 1, 

wherein each disjunctive term comprises one or more predicates; and 
wherein each conjunctive term comprises one or more predicates. 

26. (Previously presented) The method of claim 1, 

wherein each disjunctive term comprises one or more predicates; 
wherein each conjunctive term comprises one or more predicates; and 
wherein each respective predicate corresponds to a respective image feature. 

27. (Currently amended) The method of claim 1, 

wherein each respective pr e dicat e disjunctive term corresponds to a r e sp e ctiv e one or 



more image featur es: and 

wherein each respective conjunctive term corresponds to one or more image features . 
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